(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(45) Date of publication and mention 
of the grant of the patent: 
04.08.1999 Bulletin 1999/31 

(21) Application number: 95200281.4 

(22) Date of filing: 06.02.1995 



(n) EP 0 668 342 B1 

EUROPEAN PATENT SPECIFICATION 

(51) IntCI 6: C10G 65/04 



(54) Lubricating base oil preparation process 

Verfahren zur Herstellung von Basisschmierol 
Proc6d6 de preparation d'une huile lubrifiante de base 



(84) Designated Contracting States: 
DE FR GB IT NL 

(30) Priority: 08.02.1994 EP 94400286 

(43) Date of publication of application: 
23.08.1995 Bulletin 1995/34 

(73) Proprietor: SHELL INTERNATIONALE 
RESEARCH MAATSCHAPPIJ B.V. 
2596 HR Den Haag (NL) 



m 

CO 
00 

<o 

CO 

o 

LU 



(72) Inventors: 

• Eilers, Jacobus c/o Shell Nederland Raff in. B.V. 
NL-3196 KK Vondelingenplaat Rotterdam (NL) 

• Gilson, Jean-Pierre 
F-76530 Grand Couronne (FR) 

• Hoek, Arend 

NL-1031 CM Amsterdam (NL) 

• Post hu ma, Sytze Abel 
NL-2596 HR The Hague (NL) 



(56) References cited: 
EP-A- 0 323 092 
EP-A- 0 583 836 



EP-A- 0 464 546 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve. 75001 PARIS (FR) 



1 



EP 0 668 342 B1 



2 



Description 

[0001] The present invention relates to a process for 
the preparation of lubricating base oils, in particular the 
preparation of very high viscosity index lubricating base 
oils from a mixture of carbon monoxide and hydrogen. 
[0002] The term "very high viscosity index 1 refers to 
a viscosity index (VI) above 135, as determined by 
ASTM-D-2270. 

[0003] The preparation of hydrocarbons from a mix- 
ture comprising carbon monoxide and hydrogen by con- 
tacting the mixture with a suitable synthesis catalyst at 
elevated temperatures and pressures is known in the 
art as the Fischer-Tropsch synthesis. It is known in the 
art to apply Fischer-Tropsch synthesis processes in the 
preparation of a range of principally aliphatic hydrocar- 
bons having a wide range of molecular weights. 
[0004] In order to improve the yield of valuable hydro- 
carbon products from the Fischer-Tropsch synthesis 
process, a variety of process schemes have been pro- 
posed for upgrading the Fischer-Tropsch products. 
Thus, in US patent No. 4 125 566 a process scheme is 
disclosed in which the highly olefinic effluent of a 
Fischer-Tropsch synthesis is treated by one or more of 
distillation, polymerisation, alkylation, hydrotreatment, 
cracking-decarboxylation, isomerisation and hydrore- 
forming. This process scheme yields products lying 
mainly in the gasoline, kerosene and gasoil ranges. 
[0005] From the variety of aforementioned processes 
which may be applied in upgrading the products of a 
Fischer-Tropsch synthesis, a number of process 
schemes have been proposed which rely upon the ap- 
plication of hydrotreatment processes in the upgrading. 
Thus, US patent specification No. 4 478 955 discloses 
a process scheme comprising contacting the effluent of 
a Fischer-Tropsch synthesis process with hydrogen in 
the presence of a suitable hydrogenation catalyst. The 
effluent of the Fischer-Tropsch synthesis is described in 
this US patent specification as comprising pre-domi- 
nantly olefins and carboxylic acids. Under the action of 
the hydrogenation treatment, useful fuel components 
comprising alkanes, alcohols and esters are produced. 
[0006] In an alternative process scheme disclosed in 
US patent specifications Nos. 4 059 648 and 4 080 397, 
the products of a Fischer-Tropsch synthesis are upgrad- 
ed by being subjected firstly to a hydrotreatment and 
thereafter fractionated. Selected fractions of the frac- 
tionated product are subsequently subjected to a selec- 
tive hydrocracking process in which the fractions are 
contacted with a special zeolite catalyst capable of 
transforming the aliphatic hydrocarbons present in the 
fractions into aromatic hydrocarbons. The resulting ar- 
omatic-rich products are said to be useful as gasoline 
and light and heavy fuel oils. 

[0007] More recently, much interest has been paid to 
the application of the Fischer-Tropsch synthesis in the 
preparation of substantially paraffinic hydrocarbon 
products suitable for use as fuels. Whilst it is possible 



to use the Fischer-Tropsch synthesis process to directly 
prepare paraffinic hydrocarbons having boiling points in 
the boiling point ranges of the fuel fractions, it has been 
found advantageous to use the Fischer-Tropsch synthe- 
s sis process to prepare high molecular weight paraffinic 
hydrocarbons having a boiling point above the upper 
limit of the boiling point range of the middle distillates, 
that is a Fischer-Tropsch wax having a boiling point 
above 370 °C, and subject the products so-obtained to 
io a selective hydrocracking process to yield the desired 
hydrocarbon fuels. 

[0008] Thus, in British patent specification No. 2 077 
289, a process is disclosed comprising contacting a mix- 
ture of carbon monoxide and hydrogen with a catalyst 
active in the Fischer-Tropsch synthesis and thereafter 
cracking the resulting paraffinic hydrocarbons in the 
presence of hydrogen to yield middle distillates. A sim- 
ilar process scheme is disclosed in European patent ap- 
plication No. 0 147 873. 

[0009] European patent application No. 0583 836 dis- 
closes a process for the preparation of hydrocarbon fu- 
els from carbon monoxide and hydrogen. 
[0010] Of particular interest, however, is the use of the 
Fischer-Tropsch synthesis to prepare hydrocarbons 
suitable for use as lubricating base oil or lubricating base 

011 precursor, such as a Fischer-Tropsch wax. 
[0011] Processes for the preparation of very high vis- 
cosity index lubricating base oils from Fischer-Tropsch 
wax feed are known in the art. United States patent 
specification No. 4 594 172 describes the preparation 
of very high viscosity index lubricating base oils by treat- 
ing a Ctq-Ct 9 fraction of a Fischer-Tropsch wax with an 
organic peroxide to yield a oligomerised fraction 
and hydroisomerising that fraction over a platinum-con- 
taining silica-alumina catalyst. 
[001 2] European patent application No. 0 51 5 256 de- 
scribes a process for the hydroisomerisation (hydrocon- 
version) of Fischer-Tropsch waxes, using a catalyst con- 
taining zeolite Y. Upon solvent dewaxing of a fraction 
boiling above 380 °C a lubricating base oil is obtained 
having a VI of at least 1 30 and a pour point of at least - 

12 °C. As outlined in this patent application, the hydroi- 
somerisation treatment can be preceded by a hydrogen- 
ation treatment to remove any unsaturated hydrocar- 
bons and oxygenates from the Fischer-Tropsch wax. 
[0013] European patent application No. 0 321 303dis- 
closes the preparation of middle distillate products from 
Fischer-Tropsch wax by a hydroisomerisation (hydro- 
conversion) treatment. At least a portion of the bottoms 
fraction from the hydroisomerisation zone is either (a) 
further processed in a second hydroisomerisation zone 
or (b) fractionated and/or dewaxed for the production of 
a lubricating oil fraction boiling in the range of 343.3 °C 
to 510 °C. If desired, oxygenates may be removed from 
the Fischer-Tropsch wax by distillation. The hydroisom- 
erisation catalyst to be used in the first hydroisomerisa- 
tion (hydrocon version) treatment is a platinum on fluo- 
rided alumina catalyst which is particularly effective (se- 
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lective) at converting paraffin ic Fischer-Tropsch wax to 
middle distillate material. In particular, this catalyst is re- 
ported to be more effective than a catalyst containing a 
zeolite, in particular zeolite beta, as described in Exam- 
ple 3 of this patent application. 
[0014] In contrast to this, the afore-mentioned Euro- 
pean patent application No. 0 515 256 describes in Ex- 
ample 3 that a zeolite Y catalyst can be as effective (se- 
lective) in the preparation of middle distillates from 
Fischer-Tropsch wax as a platinum on silica-alumina 
catalyst, but that a zeolite Y catalyst is much more ac- 
tive. For a conversion of about 40% by weight of Fischer- 
Tropsch wax to products boiling below 400 °C, the ze- 
olite Y catalyst required a reactor temperature of 260 
°C, whilst the platinum on silica-alumina catalyst re- 
quired a reactor temperature of 340 °C. 
[0015] A hydroisomerisation (or hydroconversion) 
process involves both hydrocracking of paraffinic hydro- 
carbons and isomerisation of linear paraffinic hydrocar- 
bons to branched paraffinic hydrocarbons. If it is desired 
to prepare lubricating base oils, it is advantageous to 
minimise the hydrocracking activity and to maximise the 
hydroisomerisation activity. Nevertheless, some hydro- 
cracking activity is still required to crack the heaviest 
wax molecules to lower boiling products. A disadvan- 
tage of a highly active catalyst, such as a zeolitic catalyst 
like zeolite Y, is that normally the hydrocracking activity 
is still too high and the hydroisomerisation activity too 
low. As will be discussed hereinafter, other molecular 
sieve catalysts are known such as silicoaluminophos- 
phates and other zeolitic catalysts wherein the activity 
(expressed in terms of acidity) has been reduced to an 
alpha-value below 20 or even below 10 or 5. However, 
these catalysts normally do not have sufficient hydroc- 
racking activity. 

[0016] Thus, European patent application No. 0 464 
547 describes a process for the preparation of high vis- 
cosity index lubricants from slack wax by a two-step 
process wherein the first step the slack wax is hydroc- 
racked under mild conditions using an amorphous cat- 
alyst, in particular a catalyst comprising Ni and W on a 
fluorided alumina carrier, and in the second step hydr- 
oisomerised using a low acidity zeolite beta catalyst, 
preferably having an alpha value of not greater than 5: 
[0017] The alpha value is an approximate indication 
of the catalytic cracking activity of the catalyst compared 
to a standard catalyst. The alpha test gives the relative 
rate constant (rate of normal hexane conversion per vol- 
ume of catalyst per unit time) of the test catalyst relative 
to the standard catalyst which is taken as an alpha of 1 
(Rate Constant = 0.016 sec 1 ). The alpha test is de- 
scribed in United States patent specification No. 3 354 
.078 and in J. Catalysis, 4, 527 (1965); 6, 278 (1966); 
and 61, 395 (1980) and discussed in European patent 
application No. 0 464 547. The alpha value is deter- 
mined on the catalyst carrier not containing any catalyt- 
ically active metals. 

[0018] European patent application No. 0 323 092 dis- 



closes a process to prepare lubricating base oils starling 
from a Fischer Tropsch wax, by first hydrogenating the 
wax at a temperature of 343 to 412 °C and a pressure 
of between 70 and 1 00 bars in the presence of a catalyst 
5 having an alumina containing carrier. According to this 
publication a significant conversion of high boiling prod- 
ucts occurs during hydrogenation. The hydrogenation 
step is followed by a hydrocracking/hydroisomerisation 
step and a pour point reducing treatment. A disadvan- 
tage of this process are the severe conditions employed 
in the hydrogenation step. 

[001 9] For the purposes of this specification the term 
hydroconversion process as used hereinafter refers to 
a process in which hydrocracking reactions and hydroi- 
somerisation reactions occur and which is carried out in 
the presence of a catalyst comprising a refractory oxide 
carrier. 

[0020] The term hydroisomerisation process as used 
hereinafter refers to a process in which hydroisomerisa- 
tion reactions and hydrocracking reactions occur, but 
which is carried out after a hydroconversion treatment 
. and in which process generally less hydrocracking oc- 
curs than in the hydroconversion process. 
[0021] A disadvantage of hydroconversion catalysts 
comprising a refractory oxide carrier is the high operat- 
ing temperature which is required, in particular if the cat- 
alyst has been used for a prolonged time such as more 
than 2 years. In order to compensate for any catalyst 
deactivation generally the reaction temperature is in- 
creased. Above 350 °C and in particular above 400 °C 
at least part of the Fischer-Tropsch wax is converted into 
undesired aromatic compounds. Accordingly, it would 
be desirable to be able to provide a process which al- 
lows a hydroconversion process to be carried out at an 
operating temperature well below 400 °C and preferably 
below 350 °C, whilst using a catalyst containing a re- 
fractory oxide carrier and a catalytically active metal 
having hydrogenation/dehydrogenation activity. 
[0022] It has now surprisingly been found that if the 
Fischer-Tropsch wax (hydrocarbon wax) is first contact- 
ed with hydrogen in the presence of a hydrogenation 
catalyst under conditions such that substantially no hy- 
droisomerisation or hydrocracking of the hydrocarbon 
wax occurs, the hydroconversion process can be oper- 
ated at a reaction temperature below 400 °C, and even 
below 350 °C, even after the hydroconversion catalyst 
has been used for a prolonged time, that is for example 
more than 2 years. As compared with a process in which 
the Fischer-Tropsch wax is contacted with a hydrocon- 
version catalyst without a preceding hydrogenation 
step, the reaction temperature can be at least 5 °C, pref- 
erably at least 10 °C lower. 

[0023] Further, it has been found that the hydrocon- 
version catalyst deactivates much slower in a process 
which involves a preceding hydrogenation step. Thus, 
the rate of reaction temperature increase required to 
compensate for any loss of catalyst activity can be much 
slower. 
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[0024] Further, most surprisingly, it has been found 
that the process involving a hydrogenation step and a 
hydroconversion step exhibits a higher selectivity to val- 
uable hydrocarbons boiling in the lubricating base oil 
range, compared with a prior art process comprising on- 5 
ly a hydroconversion step. 

[0025] Therefore, the present invention relates to a 
process for the preparation of lubricating base oils com- 
prising subjecting a waxy raffinate to a pour point reduc- 
ing treatment, and recovering a lubricating base oil 10 
therefrom, which waxy raffinate has been prepared by 
contacting a hydrocarbon product with hydrogen in the 
presence of a hydroconversion catalyst, comprising a 
catalytically active metal having hydrogenation/dehy- 
drogenation activity supported on a refractory oxide car- is 
rier, under conditions such that hydrocracking and hy- 
droisomerisation of the hydrocarbon product occur to 
yield the waxy raffinate, wherein the hydrocarbon prod- 
uct has been prepared by: 

20 

(a) contacting a mixture of carbon monoxide and hy- 
drogen with a hydrocarbon synthesis catalyst at el- 
evated temperature and pressure to prepare a sub- 
stantially paraffinic hydrocarbon wax; and 

(b) contacting the hydrocarbon wax so-obtained 
with hydrogen in the presence of a hydrogenation 
catalyst at a temperature of between 100 and 300 
°C and under conditions such that the percent 
weight fraction of the feed boiling above 370 °C 
which is converted to a fraction boiling below 370 30 
°C is below 10 % to yield the hydrocarbon product. 

[0026] For the purposes of this specification, condi- 
tions such that substantially no hydrocracking or hydr- 
oisomerisation occurs in step (b) of the process of the 35 
present invention are defined as such conditions that the 
conversion in step (b) of the fraction of the feed boiling 
above 370 °C in % by weight, to a fraction boiling below 
370 ft C, is less than 10%. 

[0027] In the hydroconversion step conditions such *o 
that hydrocracking and hydroisomerisation of the hydro- 
carbon product occur are defined as such conditions 
that the conversion as defined hereinabove is at least 
15%. 

[0028] For the purposes of this specification, the term *s 
"substantially paraffinic 0 when used in connection with 
hydrocarbon wax refers to a hydrocarbon mixture com- 
prising at least 70 %wt (% by weight) paraffins, prefer- 
ably at least 80 %wt paraffins. Hydrocarbon wax pro- 
duced by the process of this invention typically compris- so 
es at least go %wt paraffins, more typically at least 95 
%wt paraffins. 

[0029] In step (a) of the process of the present inven- 
tion, a feed comprising a mixture of carbon monoxide 
and hydrogen is contacted at elevated temperature and ss 
pressure with a catalyst active in the synthesis of par- 
affinic hydrocarbons. Suitable processes for the prepa- 
ration of the mixture of carbon monoxide and hydrogen 



are well known in the art and include such processes as 
the partial oxidation of methane, typically in the form of 
natural gas, and the steam reforming of methane. The 
relative amounts of carbon monoxide and hydrogen 
present in the feed may vary over a wide range and may 
be selected according to the precise catalyst and proc- 
ess operating conditions being employed. Typically, the 
feed contacting the catalyst comprises carbon monox- 
ide and hydrogen in a hydrogen/carbon monoxide molar 
ratio of below 2.5, preferably below 1 .75. More prefera- 
bly, the hydrogen/carbon monoxide ratio is in the range 
of from 0.4 to 1 .5, especially from 0.9 to 1 .3. Unconvert- 
ed carbon monoxide and/or hydrogen may be separated 
from the synthesis product and recycled to the inlet of 
the synthesis reactor. 

[0030] Suitable catalysts for use in the synthesis of 
paraffinic hydrocarbons are known in the art. Typically, 
the catalyst comprises, as the catalytically active com- 
ponent, a metal from Group VIII of the Periodic Table of 
the Elements. Particular catalytically active metals from 
Group VIM include ruthenium, iron, cobalt and nickel. For 
the process of the present invention, a catalyst compris- 
ing cobalt as the catalytically active metal is preferred. 
[0031] The catalytically active metal is preferably sup- 
ported on a porous carrier. The porous carrier may be 
selected from any suitable refractory metal oxide or sil- 
icate or mixture thereof. Particular examples of pre- 
ferred carriers include silica, alumina, titan ia, zirconia 
and mixtures thereof. Carriers comprising silica and/or 
alumina are especially preferred. 
[0032] The catalytically active metal may be applied 
to the carrier by any of the techniques known in the art, 
for example comulling, impregnation or precipitation. 
Impregnation is a particularly preferred technique, in 
which the carrier is contacted with a compound of the 
catalytically active metal in the presence of a liquid, most 
conveniently in the form of a solution of the metal com- 
pound. The compound of the active metal may be inor- 
ganic or organic, with inorganic compounds being pre- 
ferred, in particular nitrates. The liquid employed may 
also be either organic or inorganic. Water is a most con- 
venient liquid. 

[0033] The amount of catalytically active metal 
present on the carrier is typically in the range of from 1 
to 100 parts by weight, preferably 10 to 50 parts by. 
weight, per 100 parts by weight of carrier material. 
[0034] The catalytically active metal may be present 
in the catalyst together with one or more metal promot- 
ers or co-catalysts. The promoters may be present as 
metals or as the metal oxide, depending upon the par- 
ticular promoter concerned. Suitable metal oxide pro- 
moters include oxides of metals from Groups HA, II IB, 
IVB, VB or VIB of the Periodic Table, oxides of the lan- 
thanides and/or the actinides. Preferably, the catalyst 
comprises an oxide of an element in Group IVB of the 
Periodic Table, in particular titanium or zirconium. Cat- 
alysts comprising zirconium are especially preferred. As 
an alternative or in addition to the metal oxide promoter, 
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the catalyst may comprise a metal promoter selected 
from Groups VIIB and/or VIII of the Periodic Table. Pre- 
ferred metal promoters include platinum and palladium. 
A most suitable catalyst comprises cobalt as the cata- 
lytically active metal and zirconium as a promoter. The 
promoter may be incorporated in the catalyst using any 
of the methods discussed hereinbefore with respect to 
the catalytically active component. 
[0035] The promoter, if present in the catalyst, is typ- 
ically present in an amount of from 1 to 60 parts by 
weight, preferably from 2 to 40 parts by weight, per 1 00 
parts by weight of carrier material. 
[0036] The hydrocarbon synthesis is conducted un- 
der conditions of elevated temperature and pressure. 
Typically, the synthesis is effected at a temperature in 
the range of from 125 to 300 °C, preferably from 175 to 
250 °C. The reaction pressure is typically in the range 
of from 5 to 100 bar, preferably from 12 to 50 bar. The 
synthesis may be conducted using a variety of reactor 
types and reaction regimes, for example in a fixed bed 
regime, a slurry phase regime or an ebullating bed re- 
gime. 

[0037] The hydrocarbon wax of the synthesis step (a) 
is subjected to a hydrogenation treatment in step (b) of 
the process of the present invention. The entire effluent 
of the synthesis stage may be led directly to the hydro- 
genation step. However, it is preferred to separate from 
the hydrocarbon wax of the synthesis stage unconvert- 
ed carbon monoxide and hydrogen and water formed 
during the synthesis. If desired, the low molecular 
weight products of the synthesis stage, in particular the 
C 4 - fraction, for example methane, ethane and propane, 
may also be removed prior to the hydrogenation treat- 
ment. The separation is conveniently effected using dis- 
tillation techniques well known in the art. Alternatively, 
the hydrocarbon wax can be separated into a low boiling 
fraction, boiling for example below 330 °C or below 370 
°C and at least one high boiling fraction, boiling above 
330 °C or above 370 °C and treat the high boiling frac- 
tion in the process of the present invention. Separation 
may be effected using vacuum distillation or alternative- 
ly short path distillation such as vacuum film distillation 
(using wiped film evaporators). 
[0038] In the hydrogenation stage, stage (b), the hy- 
drocarbon product is contacted with hydrogen in the 
presence of a hydrogenation catalyst. Suitable catalysts 
for use in this stage are known in the art. Typically, the 
catalyst comprises as catalytically active component 
one or more metals selected from Groups VIB and VIII 
of the Periodic Table of Elements, in particular one or 
more metals selected from molybdenum, tungsten, co- 
balt, nickel, ruthenium, iridium, osmium, platinum and 
palladium. Preferably, the catalyst comprises on or more 
metals selected from nickel, platinum and palladium as 
the catalytically active component. 
[0039] A particularly suitable catalyst comprises nick- 
el as a catalytically active component. 
[0040] Catalysts for use in the hydrogenation stage 



typically comprise a refractory metal oxide or silicate as 
a carrier. Suitable carrier materials include silica, alumi- 
na, silica-alumina, zirconia, titania and mixtures thereof. 
Preferred carrier materials for inclusion in the catalyst 
5 for use in the process of this invention are silica, alumi- 
na, silica-alumina, and diatomaceous earth 
(kieselguhr). 

[0041 ] The catalyst may comprise the catalytically ac- 
tive component in an amount of from 0.05 to 80 parts by 
10 weight, preferably from 0.1 to 70 parts by weight, per 
100 parts by weight of carrier material. The amount of 
catalytically active metal present in the catalyst will vary 
according to the specific metal concerned. One partic- 
ularly suitable catalyst for use in the hydrogenation 
is stage comprises nickel in an amount in the range of from 
30 to 70 parts by weight per 1 00 parts by weight of car- 
rier material. A second particularly suitable catalyst 
comprises platinum in an amount in the range of from 
0.05 to 2.0 parts by weight per 100 parts by weight of 
carrier material. 

[0042] Suitable catalysts for use in the hydrogenation 
stage of the process of this invention are available com- 
mercially, or may be prepared by methods well known 
in the art, for example the methods discussed hereinbe- 
fore with reference to the preparation of the hydrocarbon 
synthesis catalyst. 

[0043] In the hydrogenation stage, the hydrocarbon 
wax is contacted with hydrogen at elevated temperature 
and pressure. The operating temperature may typically 
range from 100 to 300 °C, more preferably from 150 to 
275 °C, in particular from 175 to 250 °C. Typically, the 
operating pressure ranges from 5 to 150 bars, prefera- 
bly from 1 0 to 50 bars. Hydrogen may be supplied to the 
hydrogenation stage at a gas hourly space velocity in 
the range of from 100 to 10000 Nl/l/hr, more preferably 
from 250 to 5000 Nl/l/hr. The hydrocarbon wax being 
treated is typically supplied to the hydrogenation stage 
at a weight hourly space velocity in the range of from 
0.1 to 5 kg/l/hr, more preferably from 0.25 to 2.5 kg/l/hr. 
The ratio of hydrogen to hydrocarbon wax may range 
from 100 to 5000 Nl/kg and is preferably from 250 to 
3000 Nl/kg. 

[0044] The hydrogenation stage is operated under 
conditions such that substantially no isomerisation or 
hydrocracking of the feed occurs. The precise operating . 
conditions required to achieve the desired degree of hy- 
drogenation without substantial hydrocracking or hydr- 
oisomerisation occurring will vary according to the com- 
position of the hydrocarbon wax being fed to the hydro- 
genation stage and the particular catalyst being em- 
ployed. As outlined hereinbefore, as a measure of the 
severity of the conditions prevailing in the hydrogenation 
stage and, hence, the degree of hydrocracking and 
isomerisation occurring, the degree of conversion of the 
feed hydrocarbon may be determined. In this respect, 
conversion, in percent, is defined as the percent weight 
of the fraction of the feed boiling above 370 °C which is 
converted during the hydrogenation to a fraction boiling 
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below 370 °C. The conversion of the hydrogenation 
stage is below 1 0%, preferably below 8%, more prefer- 
ably below 5%. 

[0045] In the process of the present invention, the hy- 
drocarbon product leaving the hydrogenation stage sub- 
stantially consists of high molecular weight, paraffinic 
hydrocarbons having a boiling point range within and 
above that of lubricating base oils. Lubricating base oils 
typically have a 5% by weight boiling point of at least 
330 °C, preferably at least 370 °C. The boiling point 
range of lubricating base oils may range up to 650 °C, 
preferably up to 600 °C. It will be appreciated that the 
above boiling points and boiling point ranges refer to 
boiling point (ranges) at atmospheric pressure. At least 
a part of this hydrocarbon product is subjected to the 
hydrocon vers ion step of the process of this invention, to 
yield the waxy raffinate. If desired, the entire effluent of 
the hydrogenation stage may be led directly to the hy- 
droconversion stage. However, it is preferred to sepa- 
rate the low molecular weight hydrocarbons, especially 
the C 4 - fraction, from the higher molecular weight hy- 
drocarbons prior to the hydroconversion stage. The sep- 
aration may be conveniently achieved using distillation 
techniques well known in the art. At least a part of the 
remaining C 5 + fraction of the hydrocarbon product is 
then used as feed for the hydroconversion stage. 
[0046] I n the hydroconversion stage, waxy raffinate is 
prepared from the hydrocarbon product of the hydro- 
genation stage by hydrocracking and hydroisomerising 
the product with hydrogen in the presence of a suitable 
catalyst. Typically, the catalyst comprises as catalytical- 
ly active component one or more metals selected from 
Groups VIB and VIII of the Periodic Table of Elements, 
in particular one or more metals selected from molyb- 
denum, tungsten, cobalt, nickel, ruthenium, iridium, os- 
mium, platinum and palladium. Preferably, the catalyst 
comprises one or more metals selected from nickel, 
platinum and palladium as the catalytically active com- 
ponent. Catalysts comprising platinum as the catalyti- 
cally active component have been found to be particu- 
larly suitable for use in the hydroconversion stage. 
[0047] Catalysts for use in the hydroconversion stage 
typically comprise a refractory metal oxide as a carrier. . 
Suitable carrier materials include silica, alumina, silica- 
alumina, zirconia, titan ia and mixtures thereof. Pre- 
ferred carrier materials for inclusion in the catalyst for 
use in the process of this invention are silica, alumina 
and silica-alumina. A particularly preferred catalyst 
comprises platinum supported on a silica-alumina car- 
rier. If desired, the acidity of the catalyst carrier may be 
enhanced by applying a halogen moiety, in particular flu- 
orine, or a phosphorous moiety to the carrier. This may 
be especially preferred if the catalyst carrier itself is not 
acidic, for example if the catalyst carrier contains alumi- 
na or silica. 

[0048] The catalyst may comprise the catalytically ac- 
tive component in an amount of from 0.05 to 80 parts by 
weight, preferably from 0.1 to 70 parts by weight, per 



100 parts by weight of carrier material. The amount of 
catalytically active metal present in the catalyst will vary 
according to the specific metal concerned. A particularly 
preferred catalyst for use in the hydroconversion stage 
s comprises platinum in an amount in the range of from 
0.05 to 2 parts by weight, more preferably from 0.1 to 1 
parts by weight, per 100 parts by weight of carrier ma- 
terial. 

[0049] Suitable catalysts for use in the hydroconver- 
10 sion stage of the process of this invention are available 
commercially, or may be prepared by methods well 
known in the art, for example the methods discussed 
hereinbefore with reference to the preparation of the hy- 
drocarbon synthesis catalyst. 
15 [0050] In the hydroconversion stage of this process, 
the hydrocarbon product of the hydrogenation stage is 
contacted with hydrogen in the presence of the catalyst 
at elevated temperature and pressure. Typically, the 
temperatures necessary to yield the waxy raffinate will 
lie in the range of from 175 to 380 °C, preferably from 
250 to 350 °C, more preferably from 250 to 330 °C. The 
pressure typically applied ranges from 10 to 250 bars, 
more preferably from 25 to 250 bars. Hydrogen may be 
supplied at a gas hourly space velocity of from 100 to 
10000 Nl/l/hr, preferably from 500 to 5000 Nl/l/hr. The 
hydrocarbon feed may be provided at a weight hourly 
space velocity of from 0.1 to 5 kg/l/hr, preferably from 
0.25 to 2 kg/l/hr. The ratio of hydrogen to hydrocarbon 
feed may range from 1 00 to 5000 Nl/kg and is preferably 
from 250 to 2500 N l/kg. 

[0051] As discussed hereinbefore in connection with 
the hydrogenation stage, the degree of hydrocracking 
and isomerisation occurring in the hydroconversion 
stage may be measured by determining the degree of 
conversion of the fraction boiling above 370 ''C, as here- 
inbefore defined. Typically, the hydroconversion stage 
is operated at a conversion of at least 20%, preferably 
at least 25%, but preferably not more than 50%, more 
preferably not more than 45%. 
[0052] The hydrogen required for the operation of 
both the hydrogenation and the hydroconversion stages 
may be generated by processes well known in the art, 
for example by the steam reforming of a refinery fuel 
gas. 

[0053] ' The waxy raffinate is then subjected to a pour 
point reducing treatment to reduce the pour point to at 
least -12 °C, preferably at least -18 °C, more preferably 
at least -24 °C. 

[0054] Pour point reducing treatments are well known 
to those skilled in the art and include solvent dewaxing, 
catalytic dewaxing, (hydro) isomerisation (dewaxing) 
and/or addition of pour point depressing agents. The lat- 
ter treatment is generally not preferred in the prepara- 
tion of lubricating base oils as additives contained in a 
base oil may deteriorate rather quickly and blending of 
different base oils and additive packages to prepare a 
finished base oil may become a problem. 
[0055] Catalytic dewaxing is well known to those 



25 



30 



35 



40 



45 



50 



6 



11 



EP 0 668 342 B1 



12 



skilled in the art. In a catalytic dewaxing process straight 
chain paraffins and slightly branched paraffins are 
cracked to products boiling below the lubricating base 
oil boiling point range. However, the catalysts which are 
employed are not fully selective to wax molecules only. 
In fact also branched paraffins having a very high VI and 
a sufficiently low pour point are cracked to lower boiling 
products. Thus, cracking of those compounds to prod- 
ucts boiling below the lubricating base oil range results 
in lubricating base oils having a lower VI than lubricating 
base oils which have been prepared by a solvent de- 
waxing process. Further, as compared with solvent de- 
waxing, lubricating base oils are prepared in lower yield. 
Nevertheless, catalytic dewaxing is being applied com- 
mercially as generally the operation of the process is 
cheaper than operation of a solvent dewaxing process. 
[0056] Catalysts which can be used in a catalytic de- 
waxing process include zeolites having a constraint in- 
dex from 1 to 1 2, in particular of the MFI structure type, 
such as ZSM-5, -11, -22, -23, -35 as well as Ferrierite 
and composite crystalline silicates described in Europe- 
an patent application Nos. 0 100 115, 0 178 699 and 0 
380 180. Another suitable catalytic dewaxing catalyst 
comprises mordenite. If desired, waxy raffinate feed can 
be separated into various fractions and the various frac- 
tion can then be treated separately using different de- 
waxing catalysts, as disclosed in European patent ap- 
plication No. 0 237 655 and also European patent ap- 
plication No. 0 161 833. The catalysts typically contain 
at least one catalytically active metal chosen from 
Groups Vlb, VHb and VIII of the Periodic Table of the 
Elements. 

[0057] The catalytic dewaxing process is typically car- 
ried out at a temperature from 200 °C to 500 °C, a hy- 
drogen pressure from 5 to 1 00 bar, a space velocity from 
0. 1 to 5 kg/l/h and a hydrogen/oil ratio from 1 00 to 2500 
Nl/kg. 

[0058] Solvent dewaxing is well known to those skilled 
in the art and involves admixture of one or more solvents 
and/or wax precipitating agents with waxy raffinate and 
cooling the mixture to a temperature in the range of from 
-10 °C to -40 °C, preferably in the range of from -20 °C 
to -35 °C, to separate the wax from the oil. The oil con- 
taining the wax is usually filtered through a filter cloth 
which can be made of textile fibres, such as cotton; po- 
rous metal cloth; or cloth made of synthetic materials. 
[0059] Examples of solvents which may be employed 
in the solvent dewaxing process are C 3 -C 6 ketones (e. 
g. methyl ethyl ketone, methyl isobutyl ketone and mix- 
tures thereof), C 6 -C 10 aromatic hydrocarbons (e.g. tol- 
uene), mixtures of ketones and aromatics (e.g. methyl 
ethyl ketone and toluene), autorefrigerative solvents 
such as liquefied, normally gaseous C 2 -C 4 hydrocar- 
bons such as propane, propylene, butane, butylene and 
mixtures thereof. Mixtures of methyl ethyl ketone and 
toluene or methyl ethyl ketone and methyl isobutyl ke- 
tone are generally preferred. 

[0060] The solvents may be recovered from the wax 



and the lubricating base oil by filtration and recirculation 
of the solvents into the process. It will be appreciated 
that although solvents are recirculated the process is 
still rather expensive as a large amount of solvents is 
s required and cooling of the waxy raffinate/solvent mix- 
ture requires much energy. 

[0061] The wax that is separated in the solvent de- 
waxing process may be recycled to the hydrocon vers ion 
stage, or alternatively, may be sent to a hydroisomeri- 
10 sation stage if for example, the pour point reducing treat- 
ment involves both a solvent dewaxing stage and a hy- 
droisomerisation stage. The wax may be subjected to a 
deoiling treatment prior to recycling. Another possibility 
is to fractionate the wax and sell one or more of the f rac- 
is tions on the wax market. Fractionation is typically effect- 
ed using short path distillation. 
[0062] A very suitable pour point reducing treatment 
comprises a hydroisomerisation treatment, in the art 
sometimes referred to as isomerisation dewaxing or iso- 
dewaxing. The hydroisomerisation treatment typically 
comprises contacting the waxy raffinate with hydrogen 
in the presence of a hydroisomerisation catalyst. As 
compared with a solvent dewaxing treatment the hydr- 
oisomerisation treatment is cheaper to operate and the 
hydroisomerisation treatment does substantially not 
suffer from the disadvantages of catalytic dewaxing, that 
is a lower VI and a lower yield as compared with solvent 
dewaxing. In the hydroisomerisation process straight 
chain paraffins are isomerised to branched paraffins 
boiling within the lubricating base oil boiling point range, 
still having a high VI but also a low pour point. It will be 
appreciated that whilst hydroisomerisation reactions are 
preferred, hydrocracking reaction need to be avoided as 
much as possible. The conversion of products boiling 
above 370 °C to products boiling below 370 °C typically 
is less than 25%, preferably less than 20%. The conver- 
sion is usually more than 10%. 
[0063] Thus, preferably a hydroisomerisation catalyst 
is used having a high activity for catalysing hydroisom- 
erisation reactions, but a low activity for catalysing hy- 
drocracking reactions. It has been found that in order to 
achieve this the acidity of the catalyst, as expressed by 
the alpha value, should be below 20. Preferably the cat- 
alyst comprises a molecular sieve. Accordingly, in a pre- 
ferred embodiment the hydroisomerisation catalyst 
comprises a molecular sieve having an alpha value be- 
low 20, more preferably below 10, even more preferably 
below 5. The experimental conditions of the alpha test 
to be used to determine the alpha values referred to in 
this specification include a constant temperature of 538 
°C and a variable flow rate as described in detail in J. 
Catalysis, 61 v 395 (1980). 

[0064] In one embodiment of the invention, the mo- 
lecular sieve operating in hydroisomerisation duty, is a 
zeolite, preferably having a silica/alumina molar ratio of 
at least 10, more preferably at least 30. A zeolite having 
a high silica/alumina ratio generally has a lower acidity 
than a zeolite having a low silica/alumina ratio. A high 
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silica/alumina ratio may be obtained by synthesis of the 
zeolite at a high silica/alumina ratio and/or by a dealu- 
mination treatment such as steaming. Both methods are 
well known to those skilled in the art. Alternatively, 
framework aluminium may be replaced by another triva- 
lent element such as boron which results in a lower level 
of acidity. 

[0065] Preferably, the molecular sieve is chosen from 
the group of ZSM-1 2, mordenite and zeolite beta, more 
preferably zeolite beta. The low acidity forms of zeolite 
beta may be obtained by synthesis of a highly siliceous 
form of the zeolite, e.g. with a silica/alumina ratio above 
50 or by steaming zeolites of lower silica-alumina ratio 
to the requisite acidity level. Another method is by re- 
placement of a portion of the framework aluminium of 
the zeolite with another trivalent element such as boron. 
Preferably, the zeolite contains framework boron, typi- 
cally at least 0.1% by weight, preferably, at least 0.5% 
by weight. The zeolite also may contain material in the 
pores of the structure which do not form part of the 
framework constituting the characteristic structure of the 
zeolite. The term "framework boron" as used herein re- 
fers to boron that is actually present in the framework of 
the zeolite. As opposed to material present in the pores 
of the zeolite, framework boron contributes to the ion 
exchange capacity of the zeolite. 
[0066] Methods for preparing zeolites having a high 
silica/trivalent metal ratio and containing framework bo- 
ron have been described in United States patent Nos. 
4 269 813 and 4 672 049. Typically, zeolite beta to be 
used in the process of the present invention contains at 
least 0.1% by weight. The boron content will usually be 
not more than 5% by weight, preferably not more than 
2% by weight. The silica/alumina ratio of the as-synthe- 
sized zeolite is typically below 30. Preferably, the boron 
containing zeolite is steamed to reduce the alpha value 
to not more than 10, preferably not more than 5. Typical 
steaming conditions are known and have been de- 
scribed in European patent application No. 0 464 547. 
[0067] The zeolite will usually be composited with a 
matrix material (binder) to form the finished catalyst. 
Non-acidic refractory oxide binder materials like silica, 
titania or alumina are preferred. Silica is especially pre- 
ferred. The zeolite is usually composited with the matrix 
in amounts from 20 to 80% by weight, preferably from 
50 to 80% by weight. Methods for extruding zeolite with 
the binder are known to those skilled in the art. 
[0068] In another embodiment of the invention the 
molecular sieve is an aluminophosphate. Aluminophos- 
phates are well known in the art and have been de- 
scribed in, for example, United States patent Nos. 4 310 
440, 4 440 B71, 4 567 029, and 4 793 984. Alumino- 
phosphates have the advantage of an intrinsically lower 
acidity as compared with zeolites. 
[0069] For the purposes of this specification reference 
to aluminophosphates is to be understood as reference 
to the class of aluminophosphates, that is including met- 
al lo-al urn inophosphates, silico-aluminophosphates, 



metallo-silico-aluminophosphates as well as non-metal 
substituted aluminophosphates and silico-alumino- 
phosphates. 

[0070] Preferably, the molecular sieve has at least 
s some intrinsic acidity and therefore the aluminophos- 
phate is chosen from the group of metallo-alum inophos- 
phates, wherein the further metal present in the frame- 
work of the aluminophosphate is not a trivalent metal, 
silico-aluminophosphates or metallo-silico-alumino- 
phosphates. In a particularly preferred embodiment the 
aluminophosphate is a silico-aluminophosphate. 
[0071] In one embodiment, the process is preferably 
carried out with a hydroisomerisation catalyst compris- 
ing an aluminophosphate, in particular a silico-alumino- 
phosphate, chosen from the group of structure types 11 , 
31 and 41, more preferably structure type 11 . Silico-alu- 
minophosphates of structure types 11, 31 and 41 have 
been described in international patent application No. 
WO 90/09362. In a particular preferred embodiment of 
the invention, the hydroisomerisation catalyst compris- 
es a silico-aluminophosphate of structure type 11, and 
having a special silica/alumina distribution over the crys- 
talline particle. In particular, the silico-aluminophos- 
phate molecular sieve is characterised by an X-ray dif- 
fraction pattern according to Table I. 



TABLE I 





l/l 0 *100 


9.41-9.17 
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4.37-4.31 
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4.23-4.17 


vs 


4.02-3.99 


m 


3.95-3.92 


m 


3.84-3.81 


m-s 


m = 20-70 
s = 70-90 
vs = 90-100 



wherein l/l 0 * 100 is the relative intensity, where l 0 is the 
intensity of the strongest line, and d is the interplanar 
spacing in angstroms corresponding to the recorded 
lines. X-ray powder diffraction patterns can be deter- 
mined by standard techniques, using K-alpha/doublet 
copper radiation. 

[0072] The silico-aluminophosphate is further charac- 
terised by a P 2 O s to alumina molar ratio at the surface 
of 0.80 or less and a P 2 O s to alumina ratio of the bulk 
of the silico-aluminophosphate is 0.96 or greater, and 
the silica to alumina mole ratio at the surface is greater 
than in the bulk of the silico-aluminophosphate. This sil- 
ico-aluminophosphate is known in the art as SM-3. 
Preparation of SM-3 has been disclosed in international 
patent application No. WO 91/13132. 
[0073] In yet another embodiment of the invention, the 
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3. 



isomerisation catalyst comprises an inorganic, non-lay- 
ered, porous, crystalline phase material as described in 
international patent application No. WO 93/02161 . 
[0074] The hydroisomerisation catalyst typically com- 
prises a catalytically active metal having hydrogenation/ 
dehydrogenation activity, such as those of Groups Vlb 
and VIII. Preferably, the hydroisomerisation catalyst 
comprises a Group VIII metal, in particular a Group VIII 
noble metal such as platinum and/or palladium. Means 
for incorporating the metal into the catalyst carrier, com- 
prising a molecular sieve as described hereinbefore, are 
well known to those skilled in the art and have been de- 2. 
scribed hereinbefore. The amount of noble metal is typ- 
ically in the range of from 0.5 to 5% by weight of the total 
catalyst, preferably in the range of from 0.5 to 2% by 
weight. 

[0075] In the hydroisomerisation stage of this proc- 
ess, the waxy raffinate is contacted with hydrogen in the 
presence of a catalyst as described hereinabove at el- 
evated temperature and pressure. Typically, the temper- 
atures necessary to yield the lubricating base oil will lie 
in the range of from 175 to 380 °C, preferably from 200 
to 350 °C. The pressure typically applied ranges from 
10 to 250 bars, more preferably from 25 to 250 bars. 
The waxy raffinate may be provided at a weight hourly 
space velocity of from 0.1 to 20 kg/l/hr, preferably from 
0.1 to 5 kg/l/hr. 

[0076] The finished lubricating base oil preferably has 
a pour point of less than -15 °C, more preferably less 
than -20 °C and a VI of more than 135, preferably more 
than 140. Preferably, it should not be necessary to treat 
the hydrogenated hydroconverted hydroisomerised lu- 
bricating base oil with an additional pour point reducing 
treatment. However, it may be desired to isomerise the 
waxy raffinate to an intermediate pour point and solvent 3$ 6. 
dewax the isomerised waxy raffinate to the final pour 
point. 
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to prepare a substantially paraffinic hydrocar- 
bon wax; and 

(b) contacting the hydrocarbon wax so-ob- 
tained with hydrogen in the presence of a hy- 
drogenation catalyst at a temperature of be- 
tween 100 and 300 °C and under conditions 
such that the percent weight fraction of the feed 
boiling above 370 °C which is converted to a 
fraction boiling below 370 °C is below 10% to 
yield the hydrocarbon product. 

A process as claimed in claim 1 , characterised in 
that the mixture of carbon monoxide and hydrogen 
contacting the catalyst in step (a) has a hydrogen/ 
carbon monoxide ration of less than 2.5, preferably 
less than 1 .75, more preferably of from 0.4 to 1 .5. 

A process as claimed in either of claims 1 or 2, char- 
acterised in that the hydrocarbon synthesis catalyst 
in step (a) comprises ruthenium, iron, nickel or co- 
balt as a catalytically active metal, preferably cobalt. 

A process as claimed in any preceding claim, char- 
acterised in that the hydrocarbon synthesis catalyst 
in step (a) comprises a carrier, preferably selected 
from silica, alumina, titania, zirconia, and mixtures 
thereof, most preferably silica or alumina. 

A process as claimed in any preceding claim, char- 
acterised in that the hydrocarbon synthesis catalyst 
in step (a) comprises as a promoter an oxide of a 
metal selected from Group I VB of the Periodic Table 
of the Elements, preferably titanium or zirconium. 

A process as claimed in any preceding claim, char- 
acterised in that the mixture of carbon monoxide 
and hydrogen is contacted with the catalyst in step 
(a) at a temperature of from 175 to 250 ft C. 



Claims 

1 . A process for the preparation of lubricating base oils 
comprising subjecting a waxy raffinate to a pour 
point reducing treatment, and recovering a lubricat- 
ing base oil therefrom, which waxy raffinate has 
been prepared by contacting a hydrocarbon prod- 
uct with hydrogen in the presence of a hydrocon- 
version catalyst, comprising a catalytically active 
metal having hydrogenation/dehydrogenation ac- 
tivity supported on a refractory oxide carrier, under 
conditions such that hydrocracking and hydroisom- 
erisation of the hydrocarbon product occur to yield 
the waxy raffinate, wherein the hydrocarbon prod- 
uct has been prepared by: 

(a) contacting a mixture of carbon monoxide 
and hydrogen with a hydrocarbon synthesis 
catalyst at elevated temperature and pressure 



40 7. A process as claimed in any preceding claim, char- 
- acterised in that the mixture of carbon monoxide 
and hydrogen is contacted with the catalyst in step 

(a) at a pressure of from 12 to 50 bars. 

45 8. A process as claimed in any preceding claim, char- 
acterised in that the hydrogenation catalyst of step 

(b) comprises molybdenum, tungsten, cobalt, nick- 
el, ruthenium, iridium, osmium, platinum or palladi- 
um as a catalytically active metal, preferably one or 

so more of nickel, platinum and palladium. 

9. A process as claimed in any preceding claim, char- 
acterised in that the hydrogenation catalyst of step 
(b) comprises a carrier, preferably selected from sil- 
55 ica, alumina, silica-alumina, titania, zirconia and 
mixtures thereof, preferably silica, alumina or silica- 
alumina. 
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10. A process as claimed in any preceding claim, char- 
acterised in that in step (b) the hydrocarbon product 
is contacted with the hydrogenation catalyst at a 
temperature of from 1 50 to 275 °C. 

1 1 . A process as claimed in any preceding claim, char- 
acterised in that in step (b) the hydrocarbon product 
is contacted with the hydrogenation catalyst at a 
pressure of from 10 to 50 bars. 

12. A process as claimed in any preceding claim, char- 
acterised in that in step (b) hydrogen is provided at 
a gas hourly space velocity of from 1 00 to 1 0000 Nl/ 
l/hr, preferably from 250 to 5000 Nl/l/hr. 

13. A process as claimed in any preceding claim, char- 
acterised in that in step (b) the percent weight frac- 
tion of the feed boiling above 370 °C which is con- 
verted to a fraction boiling below 370 °C is below 

5%. 

14. A process as claimed in any preceding claim, char- 
acterised in that the hydroconversion catalyst com- 
prises molybdenum, tungsten, cobalt, nickel, ruthe- 
nium, iridium, osmium, platinum or palladium as a 
catalytically active metal, preferably one or more of 
nickel, platinum and palladium. 

15. A process as claimed in any preceding claim, char- 
acterised in that the hydroconversion catalyst com- 
prises a carrier, preferably selected from silica, alu- 
mina, silica-alumina, titania, zirconia and mixtures 
thereof, preferably silica, alumina or silica-alumina. 

16. A process as claimed in claim 15, characterised in 
that the hydroconversion catalyst comprises a hal- 
ogen-containing carrier. 

17. A process as claimed in any preceding claim, char- 
acterised in that the hydrocarbon product is contact- 
ed with the hydroconversion catalyst at a tempera- 
ture of from 175 to 380 °C, preferably from 250 to 
350 °C. 

18. A process as claimed in any preceding claim, char- 
acterised in that the hydrocarbon product is contact- 
ed with the hydroconversion catalyst at a pressure 
of from 10 to 250 bars, preferably from 25 to 250 
bars. 

19. A process as claimed in any preceding claim, char- 
acterised in that in the hydroconversion step hydro- 
gen is provided at a gas hourly space velocity of 
from 100 to 10000 Nl/l/hr, preferably from 500 to 
5000 Nl/l/hr. 

20. A process as claimed in any preceding claim, char- 
acterised in that in the hydroconversion step the 



percent weight fraction of the feed boiling above 
370 °C which is converted to a fraction boiling below 
370 °C is at least 20%. 

5 21 . A process as claimed in any preceding claim, char- 
acterised in that the pour point reducing treatment 
comprises contacting the waxy raffinate with hydro- 
gen in the presence of a hydroisomerisation cata- 

, lyst. 

10 

22. A process as claimed in claim 21, characterised in 
that the hydroisomerisation catalyst comprises a 
molecular sieve and the catalyst has an alpha value 
below 20, preferably below 10. 

15 

23. A process as claimed in claim 22, characterised in 
that the molecular sieve is a zeolite, preferably hav- 
ing a silica/alumina molar ratio of at least 10. 

20 24. A process as claimed in claims 22 or 23, character- 
ised in that the molecular sieve is chosen from the 
group of ZSM-12, mordenite and zeolite beta, pref- 
erably zeolite beta. 

25 25. A process as claimed in claim 22, characterised in 
that the molecular sieve is an aluminophosphate. 

26. A process as claimed in claim 25, characterised in 
that the aluminophosphate is a silico-aluminophos- 

30 phate. 

27. A process as claimed in claim 25 or 26, character- 
ised in that the aluminophosphate is chosen from 
the group of structure types 11, 31 and 41, prefer- 

35 ably structure type 1 1 . 

28. A process as claimed in any one of the preceding 
claims, characterised in that the hydroisomerisation 
catalyst comprises a catalytically active metal se- 

40 lected from Groups VIB and/or VIII of the Periodic 
Table of the Elements, preferably one or more 
Group VIII noble metals. 

29. A process as claimed in any one of the preceding 
45 claims, characterised in that the pour point reducing 

treatment comprises a solvent dewaxing treatment 
or a catalytic dewaxing treatment. 



so Patentanspruche 

1 . Verfahren zur Herstellung von Schmiermittelgrund- 
olen, umfassend die AusfOhrung einer Pourpoint- 
Erniedrigungsbehandlung an einem Wachsraffinat 
ss und ein Gewinnen eines Schmiermittelgrundoles 
daraus, welches Wachsraffinat durch Inkontaktbrin- 
gen eines Kohlenwasserstoffproduktesmit Wasser- 
stoff in Gegenwart eines Hydrokonversionskataly- 



10 



1*1 



19 EP0 668 

sators, der ein katalytisch aktlves Metall mit Hydrier/ 
Dehydrieraktivitat, aufgebracht auf einen feuerfe- 
sten Oxidtrager, umfaBt, unter solchen Bedingun- 
gen hergestellt worden ist, daB das Hydrocracken 
und die Hydroisomerisation des Kohlenwasser- 5 
stoffproduktes unter Ausbildung des Wachsraffi- 
nats ablaufen, wobei das Kohlenwasserstoffpro- 
dukt hergestellt worden 1st durch: 

(a) Inkontaktbringen eines Gemisches aus 10 
Kohlenmonoxid und Wasserstoff mit einem 
Kohlenwasserstoffsynthesekatalysator bei er- 
hohter Temperatur und erhdhtem Druck zur 
Ausbildung eines im wesentlichen paraffini- 
schen Kohlenwasserstoffwachses; und is 

(b) Inkontaktbringen des soerhaltenen Kohlen- 
wasserstoffwachses mit Wasserstoff in G eg en- 
wart eines Hydrierkatalysators bei einer Tem- 
peratur zwischen 1 00 und 300° C und unter sol- 20 
chen Bedingungen, daB der Gewichtsprozent-. 

„ anteil des Ober 370°C siedenden Einsatzmate- 
rials, das zu einer unter 370°C siedenden Frak- 
tion umgewandelt wird, unter 1 0 % liegt, urn das 
Kohlenwasserstoffprodukt zu ergeben. 25 

2. Verfahren nach Anspruch 1 , dadurch gekennzeich- 
net, daB das Gemisch aus Kohlenmonoxid und 
Wasserstoff, das.mitdem Katalysator in Stufe (a) in 
Kontakt gebracht wird, ein Wasserstoff/Kohlen- 30 
monoxid-Verhaltnis von weniger als 2,5, vorzugs- 
weise weniger als 1,75, starker bevorzugt von 0,4 

bis 1 ,5, aufweist. 

3. Verfahren nach Anspruch 1 oder 2, dadurch ge- 35 
kennzeichnet, daB der Kohlenwasserstoffsynthe- 
sekatalysator in Stufe (a) Ruthenium, Eisen, Nickel 
oder Kobalt, vorzugsweise Kobalt, als katalytisch 
aktives Metall umfaBt. 

40 

4. Verfahren nach einem der vorstehenden AnsprO- 
che, dadurch gekennzeichnet, daft der Kohlenwas- 
serstoffsynthesekatalysator in Stufe (a) einen Tra- 
ger, vorzugsweise ausgewahlt unter Siiiciumoxid, 
Aluminiumoxid, Titanoxid, Zirkoniumoxid und Ge- *s 
mischen hievon, am starksten bevorzugt Siiicium- 
oxid oder Aluminiumoxid, umfaBt. 

5. Verfahren nach einem der vorstehenden AnsprG- 
che, dadurch gekennzeichnet, daB der Kohlenwas- so 
serstoff synthesekatalysator in Stufe (a) als Promo- 
tor ein Oxid eines Metalls, ausgewahlt aus der 
Gruppe IVB des Periodensystems der Elemente, 
vorzugsweise Titan oder Zirkonium, umfaBt. 

' 55 

6. Verfahren nach einem der vorstehenden Anspru- 
che, dadurch gekennzeichnet, daB das Gemisch 
aus Kohlenmonoxid und Wasserstoff mit dem Ka- 
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taiysator in Stufe (a) bei einer Temperatur von 175 
bis 250°C in Kontakt gebracht wird. 

7. Verfahren nach einem der vorstehenden Anspru- 
che, dadurch gekennzeichnet, daB das Gemisch 
aus Kohlenmonoxid und Wasserstoff mit dem Ka- 
talysator in Stufe (a) bei einem Druck von 1 2 bis 50 
bar in Kontakt gebracht wird. 

8. Verfahren nach einem der vorstehenden Anspru- 
che, dadurch gekennzeichnet, daB der Hydrierka- 
talysator der Stufe (b) Molybdan, Wolfram, Kobalt, 
Nickel, Ruthenium, Iridium, Osmium, Platin oder 
Palladium als katalytisch aktives Metall umfaBt, vor- 
zugsweise eines oder mehrere von Nickel, Platin 
und Palladium. 

9. Verfahren nach einem der vorstehenden Anspru- 
che, dadurch gekennzeichnet, daB der Hydrierka- 
talysator der Stufe (b) einen Trager umfaBt, vor- 
zugsweise ausgewahlt unter Siiiciumoxid, Alumini- 
umoxid, Siliciumoxid-Aluminiumoxid, Titanoxid, Zir- 
koniumoxid und Gemischen hievon, vorzugsweise 
Siiiciumoxid, Aluminiumoxid oder Siliciumoxid-Alu- 
miniumoxid. 

10. Verfahren nach einem der vorstehenden Anspru- 
che, dadurch gekennzeichnet, daB in Stufe (b) das 
Kohlenwasserstoffprodukt mit dem Hydrierkataty- 
sator bei einer Temperatur von 150 bis 275°C in 
Kontakt gebracht wird. 

11. Verfahren nach einem der vorstehenden Anspru- 
che, dadurch gekennzeichnet, daB in Stufe (b) das 
Kohlenwasserstoffprodukt mit dem Hydrierkataly- 
sator bei einem Druck von 10 bis 50 bar in Kontakt 
gebracht wird. 

12. Verfahren nach einem der vorstehenden Anspru- 
che, dadurch gekennzeichnet, daB in Stufe (b) 
Wasserstoff mit einer Gasraumgeschwindigkeit von 
100 bis 1000 Nl/h, vorzugsweise von 250 bis 5000 
Nl/h, zugefuhrt wird. 

13. Verfahren nach einem der vorstehenden Anspru- 
che, dadurch gekennzeichnet, daB in Stufe (b) der 
Gewichtsprozentanteil des Ober 370°C siedenden 
Einsatzmaterials, das zu einer unter 370°C sieden- 
den Fraktion umgewandelt wird, unter 5 % liegt. 

14. Verfahren nach einem der vorstehenden Anspru- 
che, dadurch gekennzeichnet, daB der Hydrokon- 
versionskatalysator Molybdan, Wolfram, Kobalt, 
Nickel, Ruthenium, Iridium, Osmium, Platin oder 
Palladium als katalytisch aktives Metall umfaBt, vor- 
zugsweise eines oder mehrere von Nickel, Platin 
und Palladium. 
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15. Verfahren nach einem der vorstehenden Anspru- 
che, dadurch gekennzeichnet, daB der Hydrokon- 
versionskatalysator einen Trager, vorzugsweise 
ausgewahlt unter Siliciumoxid, Aluminiumoxid, Sili- 
ciumoxid-Aluminiumoxid, Titanoxid, Zirkoniumoxid 
und Gemischen hievon, vorzugsweise Siliciumoxid, 
Aluminiumoxid Oder Siliciumoxid-AIuminiumoxid, 
umfaBt. 

16. Verfahren nach Anspruch 15, dadurch gekenn- 
zeichnet, daB der Hydrokon versionskatalysator ei- 
nen halogenhaltigen Trager umfaBt. 

17. Verfahren nach einem der vorstehenden Anspru- 
che, dadurch gekennzeichnet, daB das Kohlenwas- 
serstoffprodukt mit dem Hydrokonversionskataly- 
sator bei einerTemperaturvon 175 bis 380°C, vor- 
zugsweise 250 bis 350°C, in Kontakt gebracht wird. 

18. Verfahren nach einem der vorstehenden Anspru- 
che, dadurch gekennzeichnet, daB das Kohlenwas- 
serstoffprodukt mit dem Hydrokonversionskataly- 
sator bei einem Druck von 10 bis 250 bar, vorzugs- 
weise von 25 bis 250 bar, in Kontakt gebracht wird. 

19. Verfahren nach einem der vorstehenden AnsprO- 
che, dadurch gekennzeichnet, daB in der Hydro- 
konversionsstufe Wasserstoff mit einer stundlichen 
Gasraumgeschwindigkeit von 100 bis 10.000 Nl/l/ 
h, vorzugsweise 500 bis 5.000 Nl/l/h, zugefuhrt 
wird. 



pe von ZSM-12, Mordenit und Zeolith-p, vorzugs- 
weise Zeolith-p, ausgewahlt ist. 

25. Verfahren nach Anspruch 22, dadurch gekenn- 
5 zeichnet, daB das Molekularsieb ein Aluminophos- 

phat ist. 

26. Verfahren nach Anspruch 25, dadurch gekenn- 
zeichnet, daB das Aluminophosphat ein Silicoalu- 

10 miniumphosphat ist. 



27. Verfahren nach Anspruch 25 Oder 26, dadurch ge- 
kennzeichnet, daB das Aluminophosphat aus der 
Gruppe der Strukturtypen 11, 31 und 41, vorzugs- 
weise Strukturtyp 11, ausgewahlt ist. 
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28. Verfahren nach einem der vorstehenden Anspru- 
che, dadurch gekennzeichnet, daB der Hydrokon- 
versionskatalysator ein katalytisch aktives Metal!, 
ausgewahlt aus den Gruppen VIB und/oder VII des 
Periodensystems der Elemente, vorzugsweise ein 
odermehrere Gruppe Vlll-Edelmetalle, umfaBt. 

29. Verfahren nach einem der vorstehenden Anspru- 
che, dadurch gekennzeichnet, daB die Pourpoint- 
Erniedrigungsbehandlung eine Losungsmittelent- 
wachsungsbehandlung oder eine katalytische Ent- 
wachsungsbehandlung umfaBt. 



Revendications 



20. Verfahren nach einem der vorstehenden Anspru- 
che, dadurch gekennzeichnet, daB in der Hydro- 
konversionsstufe der Gewichtsprozentanteil des 
uber 370°C siedenden E in satzmate rials, das zu ei- 
ner unter 370°C siedenden Fraktion umgewandelt 
wird, wenigstens 20 % liegt. 

21. Verfahren nach einem der vorstehenden Anspru- 
che, dadurch gekennzeichnet, daB die Pourpoint- 
Erniedrigungsbehandlung das Inkontaktbringen 
des Wachsraffinats mit Wasserstoff in Gegenwart 
eines Hydroisomerisationskatalysators umfaBt. 

22. Verfahren nach Anspruch 21, dadurch gekenn- 
zeichnet, daB der Hydroisomerisationskatalysator 
ein Molekularsieb umfaBt und der Katalysator einen 
a-Wert unter 20, starker bevorzugt unter 10, auf- 
weist. 
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23. Verfahren nach Anspruch 22, dadurch gekenn- 
zeichnet, daB das Molekularsieb ein Zeolith, vor- 
zugsweise mit einem Siliciumoxid/Aluminiumoxid- 
Morverhaltnis von wenigstens 10, ist. ss 

24. Verfahren nach Anspruch 22 oder 23, dadurch ge- 
kennzeichnet, daB das Molekularsieb aus der Grup- 



ProcedS de preparation d'huiles de base lubrifian- 
tes consistant a soumettre un raffinat cireux a un 
traitement de reduction du point d'6cou!ement et a 
recuperer une huile de base lubrifiante de celui-ci, 
lequel raffinat cireux a ete prepare par la mise en 
contact d'un produit hydrocarbon e avec de Thydro- 
gene en presence d'un catalyseur d'hydroconver- 
sion, comprenant un metal catalytiquement act if 
ayant une activity d'hydrog6natton/d6shydrog6na- 
tion fixe sur un support d'oxyde r6f ractaire, sous des 
conditions telles qu'un hydrocraquage et une hy- 
droisomerisation du produit hydrocarbon^ se pro- 
duisent pour donner le raffinat cireux, dans lequel 
le produit hydrocarbon^ a et6 prepare par 

(a) la mise en contact d'un melange de mo- 
noxyde de carbone et d'hydrogene avec un ca- 
talyseur de synthese d'hydrocarbure.a tempe- 
rature et pression elevees pour preparer une 
cire hydrocarbon6e essentiellement paraffini- 
que; et 

(b) la mise en contact de la cire hydrocarbonee 
ainsi obtenue avec de I'hydrogene en presence 
d'un catalyseur d'hydrogenation a une tempe- 
rature entre 100 et 300°C et sous des condi- 
tions telles que la fraction en pour-cent en poids 
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de ralimentation bouillant au-dessus de 370°C 
qui est convertie en une fraction bouillant en 
dessous de 370*C est en dessous de 1 0% pour 
donner le produit hydrocarbons. 

2. Procede suivant la revendication 1 , caracterise en 
ce que le melange de monoxyde de carbone et d'hy- 
drogene en contact avec le catalyseur dans I'etape 
(a) a un rapport hydrogene/monoxyde de carbone 
inferieur a 2,5, avantageusement inferieur a 1 ,75, 
plus avantageusement de 0,4 a 1,5. 

3. Procede suivant I'une ou I'autre des revendications 
1 et 2, caracterise en ce que le catalyseur de syn- 
thase d'hydrocarbure dans I'etape (a) comprend du 
ruthenium, du fer, du nickel ou du cobalt, comme 
metal catalytiquement actif, avantageusement du 
cobalt. 

4. Precede suivant Tune quelconque des revendica- 
tions pr6c6entes, caracterise en ce que le cataly- 
seur de synthese d'hydrocarbure dans I'etape (a) 
comprend un support, avantageusement choisi par- 
mi la silice, I'alumine, I'oxyde de titane, la zircone et 
leurs melanges, plus avantageusement la silice ou 
I'alumine. 

5. Precede suivant I'une quelconque des revendica- 
tions precedentes, caracterise en ce que le cataly- 
seur de synthese d'hydroarbure dans I'etape (a) 
comprend comme promoteur un oxyde d'un metal 
choisi dans le Groupe IVB du Tableau Periodique 
des Elements, avantaeusement le titane ou le zir- 
conium. 

6. Procede suivant I'une quelconque des revendica- 
tions precedentes, caracterise en ce que le melan- 
ge de monoxyde de carbone et d'hydrogene est mis 
en contact avec le catalyseur dans I'etape (a) a une 
temperature de 175 a 250°C. 

7. Procede suivant I'une quelconque des revendica- 
tions precedentes, caracterise en ce que le melan- 
ge de monoxyde de carbone et d'hydrogene est mis 
en contact avec le catalyseur dans I'etape (a) a une 
pression de 12 a 50 bars. 

8. Procede suivant I'une quelconque des revendica- 
tions precedentes, caracterise en ce que le cataly- 
seur d'hydrogenation de I'etape (b) comprend du 
molybdene, du tungstene, du cobalt, du nickel, du 
ruthenium, de I'iridium, de I'osmium, du platine ou 
du palladium comme metal catalytiquement actif, 
avantageusement un ou plusieurs metaux choisis 
parmi le nickel, le platine et le palladium. 

9. Proc6d6 suivant I'une quelconque des revendica- 
tions precedentes, caracterise en ce que le cataly- 



24 

seur d'hydrogenation de I'etape (b) comprend un 
support, avantageusement choisi parmi la silice, 
I'alumine, la silice-alumine, I'oxyde de titane, la zir- 
cone et leurs melanges, avantageusement la silice, 
s I'alumine ou la silice-alumine. 

10. Procede suivant I'une quelconque des revendica- 
tions precedentes, caracterise en ce que dans I'eta- 
pe (b), le produit hydrocarbon^ est mis en contact 

10 avec le catalyseur d'hydrogenation a une tempera- 
ture de 150a275°C. 

11. Procede suivant I'une quelconque des revendica- 
tions precedentes, caracterise en ce que dans I'eta- 

15 pe (b), le produit hydrocarbon6 est mis en contact 
avec le catalyseur d'hydrogenation a une pression 
de 10 a 50 bars. 

12. Procede suivant I'une quelconque des revendica- 
20 tions precedentes, caracterise en ce que dans I'eta- 
pe (b), I'hydrogene est amene a une vitesse spatiale 
horaire gazeuse de 100 a 10000 Nl/l/h, avantageu- 
sement de 250 a 5000 Nl/l/h. 

25 13. Procede suivant I'une quelconque des revendica- 
tions pr6c6dentes, caract6ris6 en ce que dans I'eta- 
pe (b), la fraction en pour-cent en poids de ralimen- 
tation bouillant au-dessus de 370°C qui est conver- 
tie en une fraction bouillant en dessous de 370°C 
30 est inf6rieure a 5%. 

14. Proc6d6 suivant I'une quelconque des revendica- 
tions precedentes, caract6ris6 en ce que le cataly- 
seur d'hydroconversion comrend du molybdene, du 

35 tungstene, du cobalt, du nickel, du ruthenium, de 
I'iridium, de I'osmium, du platine ou du palladium 
comme metal catalyiquement actif, avantageuse- 
ment un ou plusieurs m6taux choisis parmi le nickel, 
le platine et le palladium. 

40 

15. Proc6d6 suivant I'une quelconque des revendica- 
tions precedentes, caracterise en ce que le cataly- 
seur d'hydroconversion comprend un support, 
avantageusement choisi parmi la silice, I'alumine, 

45 la silice-alumine, I'oxyde de titane, la zircone et 
leurs melanges, avantaeusement la silice, I'alumine 
ou la silice-alumine. 

16. Procede suivant la revendication 15, caracterise en 
so ce que le catalyseur d'hydroconversion comprend 

un support contenant de l'halog6ne. 

17. Proc6d6 suivant I'une quelconque des revendica- 
tions precedentes, caracterise en ce que le produit 

55 hydrocarbon6 est mis en contact avec le catalyseur 
d'hydroconversion a une temperature de 175 a 
380°C, avantageusement de 250 a 350°C. 
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18. Precede suivant Tune quelconque des revendica- 
tions pr6c6dentes, caract6ris6 en ce que le produit 
hydrocarbone est mis en contact avec le catalyseur 
d'hydroconversion a une pression de 1 0 a 250 bars, 
avantageusement de 25 a 250 bars. 

19. Precede suivant Tune quelconque des revendica- 
tions prec&tentes, caracterise en ce que dans I'eta- 
pe d'hydroconversion, I'hydrogene est amene a une 
vitesse spatiale horaire gazeuse de 100 a 10000 Nl/ 
l/h, avantageusement de 500 a 5000 Nl/l/h. 

20. Procede suivant Tune quelconque des revendica- 
tions precedentes, caracterise en ce que dans l'6ta- 
pe d'hydroconversion, la fraction en pour-cent en 
poids de I'alimentation bouillant au-dessus de 
370°C qui est convertie en une fraction bouillant en 
dessous de 370°C est d'au moins 20%. 
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tions prec§dentes, caracterise en ce que le cataly- 
seur d'hydroisomerisation comprend un metal ca- 
talytiquement actif choisi dans les Groupes VIB et/ 
ou VIII du Tableau Periodique des Elements, avan- 
tageusement un ou plusieurs metaux nobles du 
Groupe VIII. 

29. Procede suivant Tune quelconque des revendica- 
tions pr6c6dentes, caracterise en ce que le traite- 
ment de reduction du point d'ecoulement comprend 
un traitement de deparaffinage au solvant ou un 
traitement de deparaffinage catalytique. 



21. Precede suivant Tune quelconque des revendica- 
tions precedentes, caracterise en ce que le traite- 
ment de reduction du point d'ecoulement comprend 
la mise en contact du raffinat cireux avec de I'hy- 
drogene en presence d'un catalyseur d'hydroiso- 
merisation. 
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22. Proced6 suivant la revendication 21 , caracterise en 
ce que le catalyseur d'hydroisomerisation com- 
prend un tamis moieculaire et le catalyseur a une 
valeur alpha en dessous de 20, avantageusement 
en dessous de 10. 
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23. Procede suivant la revendication 22, caracterise en 
ce que le tamis moieculaire est une zeolite, avan- 
tageusement ayant un rapport molaire silice/alumi- 
ne d'au moins 10. 
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24. Precede suivant I'une et i'autre des revendications 
22 et 23, caracterise en ce que le tamis moieculaire 
est choisi dans le groupe comprenant la ZSM-12, 
la mordenite et la zeolite beta, avantageusement le 
zeolite b§ta. 
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25. Proc6d6 suivant la revendication 22, caracterise en 
ce que le tamis moieculaire est un aluminophos- 
phate. 

26. Proc6d6 suivant la revendication 25, caracterise en 
ce que I'aluminophosphate est un silicoalumino- 
phosphate. 

27. Procede suivant I'une et I'autre des revendications 
25 et 26, caracterise en ce que I'aluminophosphate 
est choisi dans le groupe comprenant les types de 
structure 11 , 31 et 41 , avantageusement le type de 
structure 11. 
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28. Procede suivant I'une quelconque des revendica- 
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